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Fixed and stained smears. The methods used to stain for flagella were those of Gray, Fontana-Tribondeau, Saisawa-Sugawara, Casares-Gil, Von Ermengem, Leifson, Inouye, and Weiss. For capsule staining we used the methods of Churchman, Welch, Anthony, Wherry, and Hiss.
Preparation of bacterial suspensions. Most cultures were grown on solid media for 24 to 72 hours. Physiologic salt solution proved better than distilled water as a suspending medium. Satisfactory suspensions were made in either of two ways:
1. A small amount of surface growth was removed with a loop and very gently shaken into a tube of salt solution. The tube was incubated at 37 C for 1 to 2 hours until a uniform suspension resulted. Occasional gentle rotation accelerated this process, but shaking broke off most "flagella." The cohesive nature of the growth made it difficult to dislodge it from the loop.
2. One or 2 ml of salt solution were pipetted into the end of a culture slant, the tube was incubated until there was visible turbidity, then some of this suspension was pipetted to another tube of salt solution. This was the better method.
These suspensions were good for "flagella" demonstration for at least 3 days, but "capsules" were best shown during the first 6 hours. Preparations were also made from growth in ltuid media.
Thin air-dried films were stained on both slides and cover slips. Preheating slides in a gas flame gave preparations with the clearest backgrounds. Although the Gray stain must be mixed for each day, we found it left less background deposit if it was allowed to stand 1 hour before using. Beyond this, the technique was simply that always necessary for success with special staining methods -scrupulously clean glassware, experience with the methods, and patience.
Supravital staining of living organisms. Each strain was also studied by supravital staining, either suspended in saline from growth on solid medium or directly in gelatin-hydrolyzate liquid medium. More than 30 dyes were used, but only Nile blue sulphate, Hofmann's violet (Dr. G. Grubler & Co.), Janus green B, malachite green, safranine 0, gentian violet, and Bismarck brown Y proved useful. These were used chiefly as saturated solutions in saline, adding 1 small loopful of freshly prepared and filtered dye to an equivalent amount of suspension or culture on a slide, mixing, covering with cover slip, and sealing. Malachite green was used in 2, 3, and 5 per cent aqueous solutions. Examinations were made both by direct illumination and by dark field. Victoria blue (4R) also would probably have been satisfactory, judging from Ota's experience with fixed smears. We were unable to obtain it. Cell walls were formed by both avirulent and virulent strains; by recently isolated cultures as well as by old cultures propagated only on media for more than 20 years.
Involution forms. Classical involution forms were observed in stained smears in about half of the strains. Although typical examples were seen and photographed in an avirulent strain propagated only on media for 22 years, they occurred more frequently in virulent strains, and most frequently in recently isolated cultures. Dumbbell, bean-shaped, spermatozoonlike, and many bizarre forms were seen, as well as L-shaped and irregularly knobby globoid forms. Long filamentous forms like those produced by the plague bacillus were not observed, but many shorter and bizarre filamented forms were seen, some of which are reproduced. It can be said here that none of these apparently typical forms were true involution forms, and that their real nature will be demonstrated in succeeding paragraphs. When the so-called "flagella" appeared on bacteria with cell walls, they sometimes seemed to arise from the soma and penetrate through the cell wall. Others seemed to arise from the cell wall. Similar appearances in relation to the "capsules" of Bacillus subtilis were noted and discussed by Churchman (1933) . With regard to Bacterium tularense, we believe this disparateness is due to variations in staining technique. From a single suspension we made preparations that showed first one appearance, then the other. We occasionally saw both forms on the same slide, the "flagellum" not visible through the cell wall in lightly stained areas, but well shown within it in more heavily stained areas.
In some coccoid forms of Bacterium tularense the "flagellum" was very clearly seen coiled within the intact cell wall. This is shown in some of the photomicrographs. In the largest forms the internal location of the filament was exceptionally well shown, where they commonly heavily accentuated about one third of the internal perimeter of the cell wall. If cell walls had been broken by trauma, these filamentous structures could frequently be seen partially uncoiled from the original position and easily differentiated from the associated protoplasmic streamers. One photomicrograph shows this arrangement very clearly.
The coccoid form was the one most frequently seen, and most "flagella" and most cell walls were seen on this form. It was the only form in which "flagella" were observed within cell walls. One might argue that, if the filaments observed were true flagella, the almost universal failure of skilled observers to see motility of Bacterium tularense might result in part from the frequent internal location of flagella, especially since more than 3 hours are required for cell walls to disintegrate in salt solution. This hypothesis implies that proper or suitable conditions for observation of motility might never have been secured, an hypothesis which was readily made untenable by our study of living cultures in extremely favorable liquid media by dark-field illumination and by supravital staining. All forms previously seen in stained preparations were readily recognized under the dark field. The "minute coccoid forms" were seen singly, in groups, in zooglealike masses, and at either or both ends, or along the courses of extremely delicate nonmotile filaments. They varied in size from just smaller than the usual coccoid forms to such minute bodies that neither size nor shape was discernible. Many control preparations showed that these bodies were not present in our saline solution or in uninoculated liquid media. Coccoid forms of usual 0.45 to 0.5 ,u size were not spherical but rather crescentically obovoid, shaped somewhat like a segment of an orange, with one end larger and rounder than the other. The refractile chromatin body was seldom central; usually peripherally located within a scarcely discernible, delicate cell wall. A moderate number of coccoid forms of this size revealed small budding spherules. Some were sessile; others pedunculated or attached by extremely fine filaments. Coccoid forms of 1.0 to 1.5 ,u in diameter were more spherical, usually contained one or more highly refractile chromatin particles eccentrically located, and frequently exhibited both sessile and filamentous buds. The bipolar forms of the stained preparations were seen to be diploforms of the 0.5 ,u size, shaped like a figure 8 in the dark field view, with a chromatin particle in each end, or bacillary forms with polar chromatin particles. The "giant cocci" were actually globular forms 2.0 and 3.5 ,u in diameter. They were occasionally twinned, sharing the largest chromatin particle at the junction of the rounded free surfaces with the plane interface surface. In addition, many globi of this size presented moderate to numerous peripherally located, smaller, refractile particles, often arranged in meridional or equatorial belts. It was these globular forms, especially when actively budding, together with certain bacillarylike forms to be noted presently, that appeared in stained smears as the so-called "involution forms."
Bacillary forms were present in many sizes and shapes. In general, they were not strictly bacillary in shape with the short diameters of approximately equal size. They were taeniform, or ribbon-shaped, with one short diameter very much shorter than the other. In addition to the common flattened "bacilli" we noted a less frequent long form which was almost round, or quite round, in transverse diameter. These appeared like true filamentous forms of bacillary dimensions. They differed in being more highly refractile throughout their length, often tapered to a smaller diameter at one end. These also showed frequent budding.
All sizes of "cocci" and "bacilli" appeared singly, in diploform, in short or long chains, and sometimes in chain formation connected by filaments of various lengths. The predominant form was almost always the 0.45 u "coccus." All 43 strains showed the same range of morphologic diversity.
The "flagella" described and photographed by Ohara and his associates were readily seen. Their appearance in dark-field preparations was identical with that in fixed preparations stained by the Japanese, in similar preparations made by us, and in the photomicrographs published by Ohara as well as in our own. However, all such "flagella" were absolutely nonmotile, whether observed in water, salt solution, or liquid media. We watched many living preparations all day for many days, making a fresh one for a single culture every day throughout its period of multiplication. We saw thousands of these flagella-sized filamentous structures attached to all observed forms of the organism, but they were invariably nonmotile. The bacteria multiplied well in the liquid medium, and there was seldom doubt concerning viability of cells observed. Suspended dead cells, with or without "flagella," were mere shadow outlines of living ones but all, living or dead, showed only Brownian movement. The easiest way to locate a cell with a long "flagellum" was to look for one that, for its diameter, had less Brownian movement than would be expected. The longer the filament the more it restricted Brownian movement in rate and amplitude. If there was also an organism at the other end of the filament it behaved as a drag anchor, permitting almost no Brownian movement. Multiple "flagellated" living forms were seen, confirming our findings in stained preparations.
In living cultures filaments of flagellar size were seldom attached to only one organism. In stained preparations this appearance was very frequent, simulating true flagella, but it seems almost certain that this was an artifact caused by trauma incident to the preparation of dried films. In cultures the great majority of fine filaments connected two or more organisms of any of the forms noted.
We can offer a possible explanation for the "peculiar motion" so frequently mentioned by Ohara and his co-workers. Some bacillary forms, and all refractile rounded filamentous forms, exhibited active flexional movements. These squirmings rarely accomplished any motion of translation, but occasionally an especially vigorous bend effected a change in position of a micron or two. We frequently left such forms located in a field for an hour, to return and find the "bacillus" or "filament" not more than one-half field diameter from the point at which we left it. Ohara writes of thin and thick flagella. From our observations we believe all "thick flagella" are slender bacillary forms or the round refractile filaments. When a long bacillary form or filament had a coccoid form at one end, noted as the "drumstick" forms in our photomicrographs, the flexional movements of the rod-shaped section gave the appearance of a thick flagellum. We watched many such forms, and the greatest rate of movement of translation recorded was of the order of 15 ,u per hour. We confirm the constant presence of flagella-sized filamentous structures, true filaments of bacillary transverse diameter, small, medium, and large globules, and extraordinary pleomorphism, but not motility or encapsulation. Figure 1 shows drawings from dark-field observations of living cultures of some strains at various stages of growth. It must not be inferred that the forms shown were present in every field. At least one example of every form drawn was observed in every strain, but the filamented and other bizarre forms represented only a small fraction of the total populations. The most numerous forms seen during any of the first 8 days of cultivation were always the coccoid and bacillary forms. Many of these were not filamented. 
SELECTED MORPHOLOGIC UNITS OF SEVERAL STRAINS OF BACTERIUM TULARENSE
Drawn from observations of living cultures in gelatin hydrolyzate media under dark-field illumination. The preparation from which no. 9 was drawn was made by suspending in saline solution a small amount of growth removed from a blood cystine agar slant; it is included to show that the same forms are produced by cultivation on the standard solid iiiedium. Minimal reproductive units were observed as suspended, discrete particles, at the termini of long or short filaments, and at various locations along the courses of filaments. Some small coccoid forms gave origin to a single short filament, which branched into a cluster of fine terminal filaments, each with a minute unit at its tip. These minute units were formed within or on filaments produced by coccoid, bacillary, or globular forms.
OBSERVATIONS OF INFECTED HEART BLOODS
Examination of infected heart bloods revealed with certainty only the small coccoid forms. The suspended minute particles in shed blood, the presence of degenerating blood cells, and filamentous structures derived from various cells made recognition of other microorganismal forms uncertain.
MODES OF REPRODUCTION OF BACTERIUM TULARENSE
Although we made frequent drawings of several strains at successive stages of growth, we could not consistently demonstrate a predominant morphologic phase at any time during the first 8 days. Even with very small inocula in gelatin hydrolyzate media it seemed that as soon as there were 15 to 20 organisms to the oil-immersion dark field a prolonged search would reveal at least one example of every form yet observed. Certain gross trends were noted. Large globi seldom developed before the third or fourth day unless the culture was incubated in an atmosphere of pure oxygen. Filaments, filamentous budding, and complex filamented chains seldom appeared before the third or fourth days. Early growth at room temperatures (24 to 26 C) was chiefly bacillary or mycelial in nature with frequent sessile budding. Filaments and filamentous budding appeared only after several days of growth, and were not frequent until the seventh day. Figure 2 illustrates the trend of morphologic changes during the first week of cultivation in gelatin hydrolyzate medium of strain Memp. All tubes contained 5 ml of medium. The tubes for incubation at 37 C and at room temperature were each inoculated with 0.10 ml of a 24-hour liquid culture. The effect of an oxygen atmosphere was tested by inoculating similarly 7 other tubes of media, displacing air by pure fitered oxygen, pushing down the cotton plug, and sealing tube tops with parafilm. These tubes were incubated at 37 C. One tube was opened each day and swirled gently to .resuspend any sediment; examinations were made of sealed cover slip preparations under dark-field illumination.
At no time during the two-year period of study could we demonstrate reproduction by binary fission. Since slide microcultures were seldom wholly satisfactory, possibly owing to obligate aerobic requirements of the organism, observations on modes of reproduction were necessarily limited to intermittent observations of cultures in gelatin hydrolyzate media.
Multiplication by budding was observed frequently, and this appeared to be the chief mode of reproduction. Both sessile and filamented buds were produced by bacillary forms, by refractile round filamentous forms, and by coccoid forms of all diameters from 0.45 p to the large globi of 3 to 3.5 p. Buds often appeared on the cell walls at the sites of the clear circular areas previously described, often at 1200 of arc apart. They developed into coccoid forms of the usual size or, occasionally, into short or long bacillary forms Formation of minimal reproductive units was inferred from prolonged intermittent observations of living cultures. Though they lack the continuity that is necessary to establish certainty, we regard our serial drawings, collected in figure  3 , as a reasonably good approximation of events. The figure also represents progressive development of minimal reproductive units into larger forms.
One variety of small spheroidal forms always had a dense, central, highly refractile body that stained solidly and deeply with the supravital dyes. Further development of this form always resulted in radial peripheral budding, as indicated in the upper and next to bottom rows of the right-hand column in figure 3. One is also shown at the bottom, of 29 in plate II. The development of this uncQmmon, centrally nucleated form was observed in liquid media as well as in one series of slide microcultures stained at intervals with Bismarck brown Y.
The forms shown at 18 and 22 in plate I, the middle form of 29 in plate II, and 6 and 10 in plate III, all consist of globi containing 2 Knowledge of the morphology of the organism offers possible solutions to only some of the problems raised by the above statements. Nevertheless, the findings presented here, easy to confirm by simple methods of study, emphasize anew the necessity for reorientation of concepts concerning tularemia and the ecologic and biologic characters of its causative agent.
Since the morphologic units of Bacterium tularense consist of coccoid and cylindrical bacillary forms, flattened bacillary forms, globules and globi, filaments, and minimal reproductive units, and since the organism possesses several modes of reproduction and multiplies in cell-free media, but not in media devoid of protein or protein derivatives, this microorganism satisfies most of the criteria for classification in the pleuropneumonia group. Satisfactory evidence for filtrability of the minimal reproductive units, size of particles, and developmental forms of these units in animals and in culture media is not offered here. Some evidence that has been obtained will be presented separately. Examination of our photomicrographs and drawings will demonstrate that certain forms of Bacterium tularense bear striking resemblances to various organisms of the pleuropneumonia group as they are depicted in studies by Ledingham (1933) , Klieneberger (1934) , Turner (1935) , and Sabin (1941) . Our study of a recently isolated strain of Streptobacillus moniliformis by similar methods showed some forms which we could not differentiate morphologically from certain Bacterium tularense forms. The L1 microorganism derived from this culture resembled Bacterium tularense more closely. Similar resemblances are also apparent in the photomicrographs by Brown and Nunemaker (1942) . The similarities are only partial, existing for only certain forms of these highly polymorphous microorganisms. Our plates also demonstrate morphologic features apparently unique for Bacterium tularense.
Although these studies indicate that Bacterium tularense should not be included in the Pasteurella or Brucella genera, we are not proposing a new generic name for it. We believe it is more closely related to the pleuropneumonia group than to any other group clearly defined at present, but that certain of its apparently unique morphologic features, herein described and photographed, set it apart from this group as it is now constituted. We think that creation of a new generic name now would be premature and based upon insufficient knowledge of this group and its relatives. We suggest postponement until these relations can be more clearly defined. Until then we believe that the more noncommital name, Bacterium tularense, is the one of choice and that Pasteurella tularensis, Brucella tularensis, and Coccobacterium tularense should be declared invalid. We further suggest that when an appropriate generic name is adopted, the proper gender form of tularense be retained as the specific name.
SUMMARY
Bacterium tularense is an extremely polymorphous microorganism. It possesses neither capsules nor flagella, and is nonmotile. Its morphologic units include globi and globules, flat and cylindrical bacillary forms, coccoid forms, delicate filaments, and minimal reproductive units. Many forms, under certain conditions of staining, reveal prominent, thick cell walls. The cell wall is, of course, an integral structural unit with no relation to degree of invasiveness or virulence. All 43 strains were morphologically identical. We found no morphologic feature to differentiate a virulent from a nonvirulent strain. All strains seemed to possess multiple modes of reproduction, and budding was apparently the chief one. Division by binary fission was not observed, though it may occur. Although the organism seems to be related to the pleuropneumonia group, perhaps only distantly related, we suggest postponement of taxonomic efforts until the members and relations of this group are better defined. For the present we urge invalidation of the terms, Pasteurella tularensis, Brucella tularensis, and Coccobacterium tularense, and retention of Bacterium tularense as the most suitable temporary designation.
